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The Needle Range of southwestern Utah is composed of Paleozoic 
sediments overlain by a thick sequence of Tertiary volcanic rocks 
primarily of the welded tuff class. The area has undergone at least 
four stages of post-eruptive structural deformation. The most 
significant stage is that which formed the range by normal Basin and
Range type faulting. The faults strike northwest and tilt the volcanic
\ •
layers northeast.
The volcanic section is composed primarily of the Needles Range 
Formation (Oligocene) overlain by the Isom Formation and underlain by 
several flows and ash flows, one of which has been tentatively 
correlated to the Escalante Valley Tuff.
Between the Lund and Wah Wah Springs members of the Needles 
Range Formation, a previously unnamed crystal-poor, vitric-lithic 
welded tuff of unknown lateral extent occurs. Because of its good 
exposure and apparent lack of faulting near Ryan Spring, Beaver 
County, Utah, the writer proposes to name this unit the Ryan Spring 
Tuff. ■
At its type section the Ryan Spring Tuff is 1120 feet thick and 
primarily dellenitic with an average partial chemical composition of: 
Si02 , 73.8%; 1^0, 5.1%; CaO, 2.7%; Ti02 , 0.3%; and Fe203 , 2.4%. The 
average mineral composition is: quartz, trace; alkali feldspar, 
absent; plagioclase, 9.1%, biotite, 1.5%; hornblende, trace; and 
opaque oxides, 0.6%, The total crystal content is 11,2% with the 
remainder being composed primarily of glass, pumice, and lithic 
fragments. The tuff has an average bulk density of 2.240 gm./cc.,
an average grain density of 2.449 gm./cc., and an average porosity 
of 8.51%.
Vertical variations in chemistry, mineralogy, density, and 
porosity have led to some interesting hypotheses concerning pre­
emptive changes in the magma and post-eruptive changes in the tuff due 
to alteration and compaction. There is no definite explanation to 
account for the variations in chemical and mineralogical composition. 
These variations may be due to pre-eruptive stratification of the 
magma chamber. Still another possibility might be post-eruptive 
deuteric alteration and leaching of ions by weathering. Variations 
in density and porosity are caused by multiple eruption and compaction 
phases.
I would like to express my thanks to my advisor, Dr. Sheldon K. 
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review of the thesis.
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A. Purpose and Scope
The purpose of this investigation was to map and describe a 
previously unnamed ash-flow tuff within, but not a member of, the 
Needles Range Formation. The writer proposes to name this unit the 
Ryan Spring Tuff for its occurrence at Ryan Spring, Beaver County, 
Utah. The base of the type section (Plate 2 and Measured Section I 
on Plate 4) is located 1500 feet N.85°W. of the Ryan Spring pond.
From the base, the traverse of the section trends N.55°E. for 
approximately one-half mile.
During the course of field investigation, an area of eighteen 
square miles was mapped to establish the stratigraphic and structural 
relationships of the Ryan Spring Tuff. The thickness of the tuff was 
measured at three locations. Sixty-three rock samples were analyzed 
for chemical composition by means of x-ray fluorescence on rock slabs 
cut from the specimens. From Measured Section I, thirty samples were 
analyzed for mineralogy, bulk density, grain density, and porosity as 
well as chemical composition. In addition, representative samples of 
the other rock units in the mapped area were analyzed for mineralogy 
and chemical composition in order to compare them with their type 
sections.
B. Location and Accessibility
The area is located in Beaver County, Utah, entirely within the 
boundary of the Miner's Cabin Wash 7 1/2 minute quadrangle map 
published by the United States Geological Survey. The coordinates of
the southeast corner of the quadrangle are 113°52,30" west longitude 
and 38°15' north latitude.
The center of the area is accessible by car on the Ryan Spring 
road. This graded road traverses the Needle Range and connects the 
Hamlin Valley road with the Pine Valley road, both also graded.
These valley roads connect with Utah State Highway 56 to the south 
and Utah State Highway 21 to the north. In addition, several jeep 
trails extending from the Ryan Spring road may be found in the area. 
However, due to heavy spring run-off in recent years, several have 
become nearly impassable in certain areas.
C. Previous Work
The Needle Range of southwestern Utah is composed of Paleozoic 
sediments overlain by Tertiary volcanics. A great deal of study has, 
either directly or indirectly, led to interesting findings concerning 
the geology of the area.
The Needles Range Formation (Oligocene) was first described and 
named by Mackin (1960). In later work (Mackin, 1963) he made a 
comparative study of the Needles Range Formation from a wide range of 
locations in southwestern Utah. Mackin has established an areal 
extent for the Needles Range Formation of at least 13,000 square miles 
in Nevada and Utah. He described the formation as varying from one 
to three crystal-rich tuffs, all dacitic (now rhyodacitic) in 
composition. Individual tuffs were distinguished by crystal content,
lithic inclusions, degree of welding, and other properties.
Cook's (1965) study of the Needles Range Formation, mainly in
Nevada, showed it to be composed of as many as five welded tuff 
members, the youngest of which does not resemble the others.
Conrad (1969) studied the volcanic rocks of the northern Needle 
Range. The area of concern in this writing is included in the southern 
portion of Conrad's map.
Dinkel (1969) studied the variations in the Wah Wah Springs Tuff 
Member of the Needles Range Formation. Although no significant 
lateral variation was found, vertical variations in mineral concentra­
tions were indicated. Dinkel felt that the variations were caused by 
changes in the magma chamber or mixing of magmas. The changes were 
then recorded in the successive eruptions forming a single cooling 
unit.
Kreider (1970) made a detailed study of the Lund Tuff Member of 
the Needles Range Formation. He found that the Lund Member showed 
both vertical and lateral variations in mineralogy with mineral 
concentration decreasing away from the general center of the Lund 
field. Other lateral variations include a decrease in bulk density 
and grain density and an increase in porosity away from the thickest 
area of the unit. The lateral decreases in density were thought to 
be due to lateral sorting and a decrease in welding away from the 
center.
Best and others (1973) did extensive work on the Needles Range 
Formation and proposed revisions of previous nomenclature. The 
primary areas of study were the northern Needle Range and Wah Wah 
Springs localities of Mackin (1960) plus an area northwest of Lund, 
Utah. The following sequence of members was established from the 
results of study at these localities: (oldest to youngest) Cottonwood 
Wash Tuff, Wah Wah Springs Tuff, Lund Tuff, and Wallaces Peak Tuff.
They further recommended abandonment of the name "Minersville Tuff".
S. K. Grant (manuscript, 1975) has pursued a detailed study of 
the stratigraphy and structure in the Indian Peak Fluorspar District 
approximately 6 miles southeast of the studied area as well as the 
area northwest of Lund.
II. GEOLOGIC SETTING
A. Introduction
The Needle Range, trending approximately N.30°W., is an eastward 
tilted block. The range is bounded on the west by an inferred fault 
uplifting the range and causing an eastward dip of the volcanic beds. 
Paleozoic sediments are exposed on the western flank of the range and 
are overlain by Tertiary extrusive rocks primarily of ash-flow origin.
The most extensive volcanic formation in the area is the Needles 
Range Formation overlain by the Isom Formation and underlain by the 
Escalante Valley Tuff and several local flows and ash flows.
The emphasis of this thesis is centered on the Ryan Spring Tuff 
which is similar in many respects to the Escalante Valley Tuff. The 
Ryan Spring Tuff is overlain by the Lund Tuff and underlain by the 
Wah Wah Springs Tuff. Both are members of the Needles Range 
Formation.
At least four stages of post-eruptive faulting have occurred.
The first three stages trend generally to the northwest while the fourth 
trends nearly perpendicular to the earlier stages.
B. Sedimentary Rocks
The sedimentary rocks exposed on the western flank of the Needle 
Range are largely composed of Cambrian and Ordovician limestones. 
Quartzite, probably from the Eureka or the Swan Peak Formations (both 
Ordovician), ranging from pebble to boulder size, is common as 
residuum on the present day surface. It is possible that a portion of 
this quartzite was once incorporated in the oldest extrusive rocks as 
lithic fragments.
C. Extrusive Rocks
1. Pre-Needles Range Formation Extrusives
Several unnamed and undifferentiated extrusives occur locally 
„in contact with the Paleozoic sediments as shown in Plate 4. These 
consist primarily of dense, rhyolitic flows. At least one crystal- 
rich ash-flow tuff is recognizable above the rhyolitic flows.
One of the pre-Needles Range Formation units may correlate with 
the unit called the Escalante Valley Tuff (Best et al., 1973). The 
Escalante Valley Tuff consists of several crystal-poor welded tuffs 
cropping out beneath the Wah Wah Springs Tuff at the base of the 
ridge immediately northwest of Lund, Utah. Grant (personal communi­
cation, 1975) mapped that area in 1972 and has collected numerous 
samples from there from 1967 through 1975.
The Escalante Valley Tuff of the Ryan Spring area contains 
lithic fragments composed primarily of purplish quartzite and gray 
limestone ranging in size from 4 mm. to 25 cm. Some solution of the 
carbonate lithics has left voids in the tuff. The tuff is irregularly 
foliated and altered to a grayish-white color.
2. Needles Range Formation
a. Cottonwood Wash Tuff
The Cottonwood Wash Tuff Member of the Needles Range Formation 
is named from outcrops along Cottonwood Wash in the northeastern 
Needle Range. The Cottonwood Wash Tuff is the oldest member of the 
Needles Range Formation (Best et al., 1973). The most conspicuous 
characteristic of this tuff is the occurrence of large biotite 
"books", commonly 6 mm. in diameter. Large broken quartz phenocrysts
are also common. The unit is moderately welded and compacted and a 
basal gray vitrophyre occurs locally.
In the Ryan Spring area, the Cottonwood Wash Tuff Member differs 
very little from the type section. One curious aspect of the unit is 
the occurrence of a series of brecciated zones. These breccias 
occur predominantly in the upper part of the unit. The breccia 
block size ranges from less than 2 cm. to greater than 30 cm. The 
breccias also occur in the Indian Peak Fluorspar District (Grant, 
personal communication, 1975).
No vitrophyre is known in the unit in this area although several 
zones of more highly welded tuff indicate possible breaks between 
cooling units. Overall, the Cottonwood Wash Tuff is easily eroded 
so that it is generally a gentle slope former,
b. Wah Wah Springs Tuff
Mackin (1960) named the Wah Wah Springs Tuff Member of the 
Needles Range Formation from exposures at Wah Wah Springs, Beaver 
County, Utah, in the northern Wah Wah Range. The Wah Wah Springs Tuff 
is characterized by a black vitrophyre at the base, a red-brown 
groundmass composing the middle portion, and a light gray nonwelded 
ashy top. The occurrence of abundant hornblende and apparent lack of 
quartz are probably the most distinguishing factors in hand specimen. 
The average bulk density from five samples taken at the type section 
is 2.3 gr./cc. (Dinkel, 1969).
The Wah Wah Springs Tuff Member occurring in the Ryan Spring 
area expresses characteristics similar to that type section. Although 
the Wah Wah Springs Tuff is faulted throughout most of the Ryan Spring
area, there is an area immediately south of Ryan Spring containing a 
seemingly complete section. It includes a well-developed vitrophyre 
approximately 25 feet thick and contains abundant hornblende.
Immediately above the Wah Wah Springs Tuff, and below the Lund 
Tuff, occurs a crystal-poor welded tuff exceeding 1100 feet in 
thickness for which the name Ryan Spring Tuff is proposed. Except 
that the lithic inclusions of the Ryan Spring Tuff are volcanic, the 
unit bears a close resemblance to the Escalante Valley Tuff previously 
described. The Ryan Spring Tuff will be discussed in detail later in 
the text.
c. Lund Tuff
The Lund Tuff Member is named for its exposure on the ridge 
immediately northwest of Lund, Utah (Best et al., 1973). At its type 
section, the Lund Member is over 1000 feet thick. Although it 
consists of many depositional units, a relatively short time must have 
passed during deposition to allow the entire member to form a single 
cooling unit. Distinguishing characteristics of the Lund Tuff include 
large abundant quartz crystals and the presence of sphene in thin 
section.
The Lund Tuff in the Ryan Spring area is discussed at length by 
Kreider (1969) under the location name "Mackleprang". This area is 
near the center of known outcrops of the Lund Tuff. It was chosen for 
extensive investigation by Kreider because most of the expected 
features of an ideal cooling unit appear in the Lund Tuff Member here. 
In the Ryan Spring area, Kreider (1969) measured the Lund Tuff to be 
1800 feet thick with variations in welding corresponding to that of a
typical cooling unit. The average bulk density is 2.4 gr./cc.; 
grain density, i.e., density discounting pore space, 2.6 gr./cc.; 
and porosity 5.6%.
3. Post-Needles Range Formation 
a. Isom Formation
The Isom Formation was named by Mackin (1960) for exposures on 
the ridge just north of Isom Creek in the northwestern area of the 
Iron Springs District (Three Peaks Quadrangle, Sec. 5, T. 35 S.,
R. 12 W.). There it consists of two members ranging in color from 
red-brown in the lower to purplish-gray in the upper. The unit 
exhibits strong platy parting and blocky fracturing.
In the Ryan Spring area, the Isom Formation is a grayish-red, 
crystal-poor tuff of rhyolitic composition. The thickness is unknown 
due to alluvial cover.
In the northern part of the mapped area, the Isom Formation is 
overlain locally by a volcanic sandstone. The sandstone is composed 
primarily of medium to coarse grained tuffaceous sand and contains 
inclusions of the Isom and Lund Tuffs ranging from pebble to boulder 
size. These inclusions exhibit evidence of erosional transport over 
a fairly short distance.
D. Structure
The Ryan Spring area lies within the Basin and Range Province and, 
as such, has undergone several stages of structural evolution common 
to that province.
At least four stages of faulting have occurred since deposition 
of the tuffs. From field evidence in the mapped area, the structural
1. Stage I
The earliest stage is evident near the center of the area 
immediately southwest of Ryan Spring. In this area, the Ryan Spring 
Tuff appears to be almost double in thickness (1960 feet) when 
compared to the type section immediately north of Ryan Spring (1120 
feet). Here, also, the Wah Wah Springs Tuff is exposed in the only 
unfaulted section in the immediate mapped area.
The apparent double thickness of the Ryan Spring Tuff and the 
preservation of the complete section of the Wah Wah Springs Tuff 
Member is due to a low-angle normal fault trending approximately 
N.25°W. and dipping 6°W. Subsequent denudation below the elevation 
of the fault plane has formed a small klippe overlying other tuff 
units. Further evidence of this stage of faulting is found west of 
Ryan Spring in the form of a small klippe composed entirely of the 
Wah Wah Springs Tuff.
This stage of faulting can be explained by two theories. The 
best explanation for the fault is one concerning the occurrence of 
a normal fault prior to tilting of the range. However, adding the 
present dip of the fault plane (6°W.) to the dip of the tuffs (30°E.) 
and rotating the tuffs to the original attitude, the resultant dip of 
the original normal fault is 36°W. While normal faults of 36° are 
not unheard of, the writer feels that further explanation for such a 
low-angle fault is needed.
Armstrong (1968) has shown how low-angle extension faults can 
place younger rocks on older. At the time the fault occurred it may
actually have been high-angle at the surface and then curved to a 
continually lower angle with increasing depth. Subsequent denudation 
has removed the steeper part and exposed the lower angle portion of 
the fault.
The second explanation is a simple gravity slide occurring as 
the last stage of faulting. However, deductive reasoning cannot 
support this explanation. This main faulted block contains the only 
unfaulted section of the Wah Wah Springs Tuff in the Ryan Spring 
area. Throughout the remainder of the area, the Wah Wah Springs 
Tuff is cut by a major normal fault which trends nearly along strike 
of the beds (third stage of faulting) and totally eliminates the 
unit at the surface in some places while partially eliminating it 
in others. The writer's opinion is that the complete section of the 
Wah Wah Springs Tuff was "preserved" by being displaced prior to 
the third major episode of faulting.
2. Stage II ■
The second stage of faulting caused the most apparent deformation 
in the form of tilting and uplift of the range. Although there is 
still some question as to whether the range was tilted prior to or 
after the faulting described in Stage I, the writer concludes that the 
low-angle fault present today is a result of Stage I faulting. Had 
that fault occurred after tilting and uplift of the range, a far 
greater amount of denudation would have been required to expose the 
fault at such a shallow angle (6°W.).
In the northeastern portion of the mapped area, the fault 
trending approximately north-south is probably related to this second
stage because of similar structural characteristics such as trend 
and relative throw.
3. Stage III
The third stage of faulting is most evident within the Wah Wah 
Springs Tuff Member. Assuming the occurrence of nearly horizontal 
faults to be unlikely, this stage occurred after tilting of the range. 
Where attitudes of the fault can be estimated, the trend closely 
parallels the strike of the beds and dips to the east only 3° or 4° 
greater than the dip of the beds.
4. Stage IV
The strikes of faults of the first three stages are roughly 
parallel. The fourth stage is distinctly different. It consists of 
a series of parallel, nearly vertical faults trending approximately 
N.50°E. or nearly perpendicular to the trends of previous faulting 
stages as well as to the general strike of the tuff units. The 
throw along these faults, as indicated on Plate 4, does not 
necessarily imply the actual slip which could have been oblique or 
along the strike.
III. METHODS OF INVESTIGATION
A. Introduction
In the thesis project leading to this writing, both field data 
(geologic mapping and measurement of stratigraphic sections) and 
laboratory data (analyses of chemical and mineralogical composition 
and measurement of density and porosity of rock samples) have been 
collected.
1. Geologic Mapping
Geologic mapping was conducted during the summer of 1973. The 
geology was mapped on aerial photographs at a scale of 1 to 20,000 
then transferred to the Miner's Cabin Wash 7 1/2 minute quadrangle 
map (preliminary sheet) published by the United States Geological 
Survey.
2. Sample Collection and Preparation
During the course of mapping, 160 samples were collected from 
the various rock units in the area. Stratigraphic sections of the 
Ryan Spring Tuff were measured at three locations (Plate 4) and 
samples were collected at 20 foot intervals where possible. A total 
of 63 samples were collected from the three measured sections.
The samples from the Ryan Spring Tuff plus representative 
samples from the other rock units in the area were sliced into slabs 
approximately l"xl.7"x.25" for analyses of chemical composition, 
density, and porosity. Finally, thin sections were prepared from 
the slabs for analysis of mineral composition.
3. Chemi stry
The chemical analyses were performed using the fluorescence 
method on a General Electric XRD-5 x-ray unit. Quantitative analyses 
were conducted on 78 samples in slab form (Table I) for percentages 
of SiO^, K^O, CaO, TiO^, and Fe^O^ present in each sample, using 
curves modified after Leake et al. (1968). A reference standard slab 
of Lund Tuff, whose response was compared to the British powder 3571, 
was employed to normalize all drift factors.
The major element curves tied to powder 3571 were established 
by 16,000 measurements on about 400 rock samples of known composition. 
Linear regression curves of various order were calculated in terms of 
the intensity responses of the samples relative to that of one rock 
powder, an amphibolite (3571) and the known concentrations. This 
rock was then made available to use on our instrument as a general 
standard.
The published method was modified by S,K. Grant for use on rock 
slabs without powdering in the interest of more rapid analysis. Over 
70 tuffs were tested for their x-ray response, in slab and powdered 
form, to check for possible differences. For TiO^ and Fe^Og, the 
slabs have weaker responses than the powders, perhaps due to plucking 
of opaque oxides when the slabs were sawed. A correction factor is 
employed to adjust the slab values upward to that of the powders for 
these two oxides. All oxides are reported to one decimal place as a 
reminder of the rapid nature of the analyses, but two decimals are 
carried in all calculations.
For the analyses of the Ryan Spring area samples, 40 kilovolts 
and 40 milliamps of power were used to generate the x-rays. A
combination of 90% argon and 10% methane (PR gas), flowing at a rate 
of 0.1 cubic foot per hour, was used in the gas flow tube (counter). 
The x-ray path was filled with helium at the following flow rates for 
the corresponding elements: Si02» 5 cubic feet per hour; 1^0 and 
CaO, 3 cubic feet per hour; and Ti02 and Fe20g, 1 cubic foot per hour. 
The tests were conducted using a chromium x-ray tube and an EDT 
analyzing crystal.
Each sample was placed in the x-ray unit and two 10-second 
counts were taken. The second count was used in the final calcula­
tions of composition. Counts from the standard slab were taken at 
the beginning and end as well as several times during each series 
of analyses. This allowed for a more accurate interpolation of 
instrumental drift.
The results of the chemical analyses are displayed in three ways. 
The first is Table I in which all results are listed along with mean 
and standard deviation. In Figures 1 through 5, 1^0, CaO, TiC^s and 
Fe203 are plotted against their stratigraphic position to show vertical 
variations. In Figures 8 through 12, ratios of F^O, and CaO are
plotted on ternary diagrams to determine rock types composing the Ryan 
Spring Tuff.
The fourth order curves in Figures 1 through 7 were calculated 
using a least squares regression program and a Tectronix Model 31 
calculator.
4. Mineralogy
Thirty thin sections from Measured Section I of the Ryan Spring 
Tuff (Table II) plus five additional thin sections from other rock 
units in the area were examined to determine their mineral composition.
For this study, a Leitz polarizing microscope with a 3.5 power 
objective and a 10 power grid ocular was used. The grid ocular 
contained 300 grid intersections. A total of 1500 points, or 5 
fields per thin section, were studied with those minerals falling on 
the grid intersections being counted. Minerals recognized were »■ 
quartz, alkali feldspar, plagioclase, biotite, hornblende, and 
opaque oxides. Degree of devitrification in the groundmass and 
pumice was estimated along with the abundance of lithic fragments.
The approximate relative error in the mineral counting 
procedure was found by the equation l//n7 where n is the number of 
points counted for a particular mineral. For example, if 195 points 
of plagioclase were counted out of 1500 points, or 5 fields, the 
resulting composition would be 13% plagioclase. The error would be 
1//T95 or .07 of 13%. .
In this writing, the mineral composition of the various tuffs 
is given using a modified method after Cook (1965). For examples if 
the composition of a rock is 18% quartz, 1% alkali feldspar, 9% 
plagioclase, 2% biotite, a trace of hornblende, and 4% opaque oxides, 
the composition will be denoted as 18/1/9/2/tr/4//34, with 34 ?
representing the total percentage of crystals in the rock.
Mineral compositions of the various tuffs are as follows:
TUFF TYPE SECTION RYAN SPRING AREA
Isom - - - - — -----  tr/0/l/tr/tr/l//3
Lund 5/tr/23/3/4/1//37 8/7/30/4/5/1//48
Ryan Spring tr/0/9/2/tr/l//l1 tr/0/9/2/tr/l/l1
Wah Wah Springs 3/0/25/4/9/1//42 2/0/26/2/8/1//39
Cottonwood Wash 5/tr/24/6/6/l//42 8/0/26/5/2/1//42
Escalante Valley tr/0/12/1/I/l//I5 tr/0/4/0/0/tr//5
Unnamed Ash-flow - - —  - - - - - 26/0/9/0/0/1//36
5. Density and Porosity
Measured Section I of the Ryan Spring Tuff was employed to 
determine the bulk density, i.e., density of the entire rock sample; 
grain density, i.e., density of only the solid portion of the rock 
sample; and percent porosity (Table III, Figures 6 and 7). Thirty 
dry samples were first weighed on a Sartorius balance and the weight 
recorded to .001 gram. The samples were then placed in a beaker of 
distilled water under a bell jar. The pressure was reduced to 
approximately 0.1 atmospheres for 24 hours for as nearly complete 
saturation as possible. The saturated samples were then removed 
individually and the excess water blotted before weighing again.
After weighing, the samples were placed back in the beaker of distilled 
water for seven days at atmospheric pressure before being reweighed.
No significant changes were recorded in the second saturated weighing. 
Finally, the weights of the samples were measured on a Jolley balance 
and converted to weight in grams. The resultants were three variables 
by which bulk density, grain density, and percent porosity could be 
calculated. The three variables were: M-j, the dry weight in air;
M2> the saturated weight in air; and M^, the saturated weight in water.
Bulk density is calculated by the formula:
Mi
Db = M2 - m 3
Grain density is calculated by the formula:






These formulas were taken from Ratte and Steven (1967). The 
results of these tests are found in Table III and Figures 6 and 7.
A. Ryan Spring Tuff
1. General Description
The Ryan Spring Tuff is a crystal-poor, vitric-lithic tuff 
named for its occurrence at Ryan Spring in Beaver County, Utah 
(Plate 2). The tuff is generally a pinkish-gray in color, highly 
foliated and weathers into thin plates. Thicknesses of the three 
measured sections are: 1120 feet in Measured Section I (type 
section); 1960 feet in Measured Section II; and 1275 feet in 
Measured Section III (Plate 4). Measured Section I (Plate 2) is 
the best representative section of the Ryan Spring Tuff because of 
obvious faults in Sections II and III (Plate 4).
The Ryan Spring Tuff is consistent in its topographic expression. 
The lowest densely welded zone forms a ridge persistent throughout 
the area. The overlying more porous and less densely welded zone is 
more susceptible to erosion, forming a crude dip slope and valley 
between the lower ridge and another dense ledge-forming zone near 
the top of the unit.
The upper ledge-former is the most conspicuous outcrop throughout 
the mapped area (Plate 3). This ledge is overlain by 150 feet of less 
densely welded tuff forming a gentle slope up to the Lund Tuff 
vitrophyre.
Outside of the mapped area the lateral extent of the Ryan Spring 
Tuff is unknown. Tuffs of similar lithology, albeit much thinner, are 
present between the Wah Wah Springs Tuff Member and the Lund Tuff 
Member northwest of Lund, Utah, in the Wah Wah Range. The Ryan Spring
Tuff has been recognized near the Cougar Spar Mine Area (Table I and 
Figure 12) south of Indian Peak where it is less than 50 feet thick.
A few miles further south it thickens rapidly to approximately 800 
feet near the New Arrowhead Mine (Grant, personal communication, 
1975). More detailed field work is needed to establish the lateral 
boundaries of the Ryan Spring Tuff.
2. Chemistry
The chemical compositions of 63 samples from the Ryan Spring 
Tuff measured sections, as well as 10 samples from the Cougar Spar 
and New Arrowhead mine areas, were determined for the five oxides:
Si0 1 ^ 0 ,  CaOj-TiOg* and Fe^O^- The remainder of each sample is 
composed of unmeasured amounts of other chemical compounds (AI^O^j 
Na20, MgO, etc.). Table I lists the percentage of each of the five 
oxides for each sample. .
In both Tables I and II samples are listed according to measured 
section, stratigraphic position, and sample number.
When vertical variations are considered, the percentage of SiO^ 
is roughly proportional to that of K^O and inversely proportional to 
CaO, TiC^* and Fe^O^s i.e., when the percentage of Si0^ increases,
K^O also increases while CaO, TiO^, and F e ^  decrease. Ignoring 
the variations in the top and base of the Ryan Spring Tuff, the 
central portion of Measured Section I shows changes in chemistry 
indicating a more basic composition upward in the section.
The SiO^ content in Measured Section I (Figure 1) is represented 
by an S-shaped curve from a low of 70.0% to a high of 77.6% with a 
mean of 73.8%. The percentage is generally low near the base of the 
unit and increases upward to the 400 foot stratigraphic level. Near
that point, Si02 begins to decrease upward to the 800 foot level. A 
general increase extends from near 800 feet to the top of the unit.
In Measured Section II, the data points in the section above the 
fault (Figure 1) are similar to those in Measured Section I. That 
portion of Measured Section II below the fault, although slightly 
lower in SiO2  ^ correlates with the lower 800 feet of Measured Section 
I. This parallelism between Measured Section I and the two parts 
of Measured Section II is repeated in all chemical analyses, therefore, 
further explanation of chemical variations will center on Measured 
Section I.
The 1^0 content (Figure'2) in the unit generally varies 
proportionally with SiO2 from 2.6% to 12.5% with a mean of 5.1%. The 
percentage increases from the base to near the center of the unit 
where sample 125 shows an unusually high 1^0 content.of 12.5%. This 
is followed by an immediate decrease to 3.6% in sample 126. From 
this point to the top of the unit the 1^0 content increases steadily.
The CaO content (Figure 3) generally varies inversely with the 
SiO2 and I^O. The content ranges from 1.2% to 5.2% with a mean of 
2.7%. Overall, the abundance of CaO decreases from the base to the 
top of the unit with a slight increase near the 700 foot stratigraphic 
level.
The curves showing variations in Ti02 (Figure 4) and Fe203 
(Figure 5) content are similar to that of CaO with exception of the 
high CaO at the base of the unit. The TiO2 and Fe203 content show 
little variation in the lower 500 feet. From a low at 665 feet, Ti02 









































































































































Figure 6. Fourth order regression curves of 
Section I (samples 105-134).




























Figure 7. Fourth order regression curves of porosity and crystal abundance from Measured 
Section I (samples 105-134). Cooling units are illustrated on porosity curve.
respectively, in the upper densely welded zone. From these maxima 
content decreases greatly to the top.
The above curves have considered the chemical variations of the 
Ryan Spring Tuff in its entirety. However, it can also be divided 
into three cooling units (Figure 7). These cooling units can be 
further subdivided into zones showing variations in color, porosity, 
lithic content, and chemistry. When chemical content is averaged 
for each zone, the chemical variations are consistent for the three 
cooling units, i.e., from the bottom of the cooling unit to the 
top SiO2 increases, 1^0 increases, CaO decreases, TiC^ decreases, 
and FegO^ decreases in the upper and lower cooling units.
In Figure 8 the percentages of SiC^* 1^0, and CaO, recalculated 
to 100 for several common volcanic rocks, are plotted from the 
averages of Nockolds (1954). Table II lists the recalculated 
percentages and rock names of all samples of Ryan Spring Tuff from 
the measured sections and from the Cougar Spar and New Arrowhead mine 
areas. It should be noted that the percentages used in determining 
the rock names have been influenced by alteration, hence, the names 
do not imply original magma compositions.
Figure 9 illustrates the rock types of samples 105-134 found 
in the type section (Measured Section I) of the Ryan Spring Tuff.
The rocks are primarily dellenites with rhyodacite accounting for 
the second most abundant rock type. Figure 10 represents samples 
135-160 of Measured Section II. These are also primarily dellenitic 
but slightly lower in Si0^ content. Samples 96-102 from Measured 
Seiction III, shown in Figure 11, are all dellenites. The mean
Figure 8. Ternary diagram for SiO2 (80-100%), K?0 (0-20%), and CaO 
(0-20%) showing compositions of average indicated rock types. 






relative percentage from Measured Section III corresponds closely 
to that of the type section.
Samples plotted in Figure 12 were collected from the Cougar Spar 
and New Arrowhead mine areas by Grant. The rocks are mainly 
dellenites and rhyolites, but the compositions are more widely varied 
than in the other sampled sections. Although the samples were taken 
from areas no closer than one mile from either mine, the variation in 
composition may be due to the same hydrothermal solutions which caused 
mineralization of the mining district. On the other hand, the 
variations in composition may have been caused by deuteric alteration. 
At the present time, insufficient evidence is available to prove 
either possibility.
The variations in the Ryan Spring Tuff can be explained in 
terms of effects noted in other tuffs. Lipman and others (1966) in 
studying thinner tuffs, found chemical variations similar to that 
of the central portion of the Ryan Spring Tuff curves except for 
their K£0 content which increased in the upper parts of the tuffs. 
Scott's (1966) I^O, CaO, and Fe203 variation curves in the thick 
Stone Cabin Tuff were nearly identical to those of the Ryan Spring 
Tuff.
These authors explained the variations with different reasons. 
Lipman preferred stratification of the magma chamber by magmatic 
differentiation to explain the variations while Scott thought 
deuteric alteration and leaching of ions by weathering were the main 
causes.
Lipman (1967) has shown that the composition of a tuff and its 
parent magma need not be the same through his findings that pumice
and matrix composition in a tuff are not necessarily the same. This 
is probably due to sorting during emplacement of the tuff. For 
reasons of simplicity, possible post-eruptive sorting is ignored in 
the discussion of events in the Ryan Spring magma chamber.
The Ryan Spring Tuff shows a time-space variation in crystalli­
zation of the magma as reflected by the crystal content (Figure 7).
The total crystal content, including plagioclase and biotite, generally 
decreases in abundance upward indicating more crystals at the top of 
the magma chamber immediately before eruption. Discontinuities in 
the eruptive process are characterized by abrupt vertical changes in 
density and porosity (Figures 6 and 7, Table IV). Between 665 feet 
(sample 125) and 735 feet (sample 126) porosity drops from 15.67% to 
4.76% in a stratigraphic difference of 70 feet. Between 260 feet 
(sample 117) and 280 feet (sample 118) porosity drops from 14.56% 
to 9.18%.
At the present time, no simple hypothesis explains the vertical 
variations noticed in tuffs. As shown by the consistent chemical 
variations within the three cooling units, deuteric alteration is 
probably the major cause of the variations in the Ryan Spring Tuff.
Although deuteric alteration may cause chemical variations in 
the glassy fraction (Scott, 1966) that resemble the variation curves 
of the Ryan Spring Tuff, it cannot explain the similar variations 
in the crystal fraction noted in the Lund Tuff (Kreider, 1970) nor 
the parallel variations in the pumice crystals and pumice glass 
noted by Lipman (1967). Conversely, evidence of relatively basic 
chemical composition in the lower portions of several tuffs such as 
the high CaO content in the lower Ryan Spring Tuff (Figure 3),
contradicts the model of a simple magma chamber stratification.
The consistent chemical variations within the Ryan Spring Tuff cooling 
units could be explained by zoning in the magma chamber, but this 
would require reversed vertical zoning to that normally observed and 
also separate zonation for each cooling unit. In a stratified 
magma chamber, the top of the magma must be "basic" in order to 
produce a tuff with a "basic" lower portion. One explanation of this 
phenomenon is the possibility of "basic" remnant magma left in the 
top of a magma chamber after earlier stratification and eruption of 
the acidic portion. The magma chamber could have been recharged 
from below and a subsequent eruptive stage taken place before the 
"basic" magma could mix with the newer magma below. This appears to 
be a possibility worthy of further study. Grant (personal communica­
tion, 1975) has noted abundant visible hornblende occurring in the 
base of the Lund Tuff. These observations were confirmed in thin 
section study (Kreider, 1970). This is possibly a remnant "basic" 
magma from the Wah Wah Springs Tuff. Very local occurrences of 
hornblende-rich tuff were seen at the base of the Ryan Spring Tuff.
It is possible that this portion of the tuff was the remnant "basic" 
magma from an earlier ash flow (possibly the Escalante Valley Tuff).
An alternative hypothesis is venting of lower portions of a stratified 
chamber early, through localization of eruptive forces low in the 
chamber or below the chamber.
Because of the presence of high SiO^ content near the tops, 
deuteric alteration is a possible cause of variation in some tuffs. 
However, other tuffs such as the Lund Tuff with an increase of 
intratell uric quartz near the top, require another explanation.
3. Mineralogy
The Ryan Spring Tuff is crystal-poor. The mineralogy for each 
thin section of Ryan Spring Tuff is given in Table II, and the crystal 
content is plotted in Figure 7. Overall, the crystal content of the 
Ryan Spring Tuff generally decreases upward. This upward decrease is 
also exhibited in the individual cooling units.
The most common mineral is plagioclase (An3g ^ 3 ) ranging in 
abundance from 0% to 13.1% with a mean of 9.1%. Biotite ranges from 
0.6% to 2.8% with a mean of 1.5%. Quartz and hornblende are present 
only in trace amounts while sanidine was not identified in any thin 
sections. The phenocrysts in general show little sign of alteration, 
although in samples 125 and 134 which have strongly devitrified 
groundmasses, the plagioclase has been partially plucked from the 
thin sections probably because of phenocryst alteration.
Pumice, as observed in thin section, appears to be most abundant 
in the upper half of the unit. It ranges from 0% to 18.0% of the 
rock with a mean of 6.15%. Devitrification of the pumice and 
groundmass is common throughout most of the unit but especially so 
in the more porous zones of the tuff. Little or no devitrification 
has taken place in the pumice or groundmass within the densely 
welded zones.
Lithic fragments in thin section are common throughout the tuff 
ranging from 0.6% to 21.4% with a mean of 6.6%. Like pumice, lithic 
fragments are more abundant in the upper half of the unit. Generally, 
the fragments are 3 to 4 mm. in diameter and composed of dense 
volcanic rock.
4. Density and Porosity
The topographic expression of the Ryan Spring Tuff is directly 
related to the zones of dense welding. The denser zones are more 
resistant to erosion and, therefore, form steeper slopes and ridges 
while the more porous zones form gentler slopes and valleys.
The plot of the vertical variation in porosity (Figure 7), 
thin section study, and field observations indicate simple cooling 
units. Each cooling unit of the Ryan Spring Tuff exhibits a pattern 
of zoning characterized by variations in porosity. In Figure 7 
the individual cooling units (A, B, and C) are shown and each 
illustrates an increase in porosity upward from the zone of dense 
welding.
The lowest cooling unit is approximately 700 feet thick and 
is represented by samples 105-125 (Table III and Figure 7). Porosity 
in this lower cooling unit ranges from a low of 2.31% in sample 110 
near the base where the greatest welding is expected to a high of 
15.67% in sample 125 near the top. Between sample 125 and 126, 
a stratigraphic interval of 70 feet, there is an abrupt decrease in 
porosity to 4.75%. This interval marks the lower boundary of the 
middle cooling unit. The middle cooling unit is approximately 200 
feet thick with another significant decrease in porosity between 
samples 129 and 130. This marks the boundary between the middle and 
upper cooling units. The upper cooling unit has a densely welded 
but non-vitrophyric zone at the base which forms a ledge approxi­
mately 30 feet thick (Plate 3). The ledge is overlain by 150 feet 
of poorly welded tuff increasing in porosity toward the top.
Bulk density and grain density curves are similar, with the 
grain densities proportionally greater than the bulk densities 
(Figure 6). For example, the bulk density of sample 125 is 
2.038 gr./cc. while the grain density is 2.417 gr./cc. The remainder 
of the samples show similar correlations.
If the grain density were constant, the bulk density of a welded 
tuff should be inversely proportional to the porosity, i.e., where 
the glass, minerals, and lithic inclusions are most densely welded, 
the porosity should be lowest. In general, the analyses showed 
this inverse relationship in the Ryan Spring Tuff (Table III,
Figures 6 and 7). However, the grain density is not constant, 
varying in sympathy with both the porosity and the amount of 
crystals. This variation may be due to changes in mineralogy but is 
most probably due to false density readings caused by insufficient 
pore saturation because of low to nonexistent permeability in some 
zones.
The geology in the Ryan Spring area of the Needle Range consists 
of Paleozoic sediments overlain by a series of unnamed Tertiary 
volcanic flows and ash flows, then succeeded by the Escalante Valley 
Tuff, the Cottonwood Wash Tuff, the Wah Wah Springs Tuff, the Ryan 
Spring Tuff (new name), the Lund Tuff, the Isom Tuff, and finally 
by a locally occurring volcanic sandstone.
The first of four post-eruptive faulting stages is present in 
the form of low-angle normal faults trending to the northwest. The 
second stage trends northwest, uplifting the range and tilting the 
volcanic layers northeast. Stage three is a bedding fault occurring 
almost entirely within the stratigraphic interval of the Wah Wah 
Springs Tuff totally eliminating it in some areas. Faults of the 
fourth stage trend to the northeast and are nearly vertical.
The Ryan Spring Tuff is a crystal-poor, vitric-lithic tuff at 
least 1120 feet thick and composed of at least three cooling units.
It is primarily dellenitic in composition and exhibits devitrifica­
tion in most samples. The samples with the strongest devitrification 
are from the most porous zones of the tuff. Few show evidence of 
phenocryst alteration, however, when present it also occurs in the 
most porous zones.
No simple hypothesis explains the vertical compositional varia­
tions of the Ryan Spring Tuff. Within the individual cooling units, 
SiO^ and 1^0 show an increase upward. Conversely, CaO exhibits a 
decrease upward as do TiC^ and Fe20g where variations are recognizable.
These consistent variations are permissive of alteration by deuteric 
processes. The parallel vertical decrease in the intratelluric 
crystal content may be due to venting of lower portions of a 
stratified magma chamber.
Vertical variations in density and porosity are caused by 
multiple eruption and compaction episodes. Each episode is 
represented by a cooling unit with a dense, non-porous base grading 
upward to a relatively porous top.
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PLATE SECTION
Plate 1. View approximately N,30°W. of the Ryan Spring area 
from the top of Indian Peak. Wheeler Peak, the highest peak 
in the Great Basin, is in the background.
Plate 2. View approximately N.30°W. of type section of 
Ryan Spring Tuff. View is nearly along strike with beds 
dipping to the right of the photograph.
Plate 3. View approximately N.60°E. of upper densely 
welded zone of the Ryan Spring Tuff overlying the middle 
cooling unit.
APPENDIX - SAMPLE DATA
Smpl. 
No.
Ft. above % % % 




134 1120 77.6 6.8 1.6 0.3 1.5
133 1087 75.4 5.7 2.2 0.4 3.0
132 970 74.1 5.1 2.4 0.6 3.8
131 960 72.3 4.6 2.2 0.4 2.8
130 937 74.1 4.2 2.2 0.4 4.0
129 800 70.0 3.8 3.4 0.4 2.9
128 780 73.5 5.0 2.9 0.4 3.0
127 760 73.6 4.9 3.0 0.3 2.9
126 735 72.3 3.6 3.8 0.4 2.3
125 665 73.1 12.5 1.2 0.1 1.5
124 410 72.0 5.4 2.4 0.2 2.3
123 380 74.0 5.7 1.9 0.2 2.4
122 360 75.5 5.3 1.8 0.2 2.0
121 340 77.5 5.6 1.9 0.2 1.9
120 320 76.0 4.8 2.5 0.3 2.3
119 300 74.9 5.5 2.2 0.2 2.0
118 280 73.3 5.2 2.1 0.2 2.5
117 260 71.0 5.5 2.3 0.3 .2.6
116 240 75.4 5.4 2.1 0.3 2.3
115 220 73.9 5.6 2.0 0.2 2.3
114 200 74.9 5.7 2.1 0.3 2.3
113 170 74.1 5.6 2.1 0.4 2.2
112 140 70.3 4.4 3.3 0.3 2.1
m 120 72.6 4.5 3.5 0.3 2.1
no 100 74.7 3.4 4.1 0.2 2.6
109 80 75.4 4.6 3.1 0.3 2.8
108 60 75.9 2.6 5.2 0.2 2.1
107 40 71.5 3.5 3.7 0.3 2.2
106 20 72.0 3.4 4.4 0.2 2.4
105 0 72.0 5.0 3.4 0.3 2.0
Mean - - 73.8 5.1 2.7 0.3 2.4
Measured Section II
160 1960 74.9 8.1 1.7 0.4 2.6
159 1920 72.0 5.7 2.0 0.3 2.5
158 1830 68.9 4.8 2.3 0.3 2.3
157 1820 73.1 5.2 2.8 0.5 2.3
156 1800 75.1 5.2 2.3 0.4 2.2
155 1785 79.2 5.1 2.4 0.4 3.1
Smpl. Ft. above % 1 % % %
No. base Si02 k2o CaO Ti02 Fe2°3
154 1365 76.2 5.9 2.4 . 0.2 1.6
153 1223 73.2 5.5 2.6 0.3 2.1
152 1080 72.9 5.6 2.9 0.3 2.1
151 1060 73.4 4.9 3.5 0.2 1.8
150 1030 73.9 4.7 4.1 0.3 2.1
149 705 75.0 5.7 2.5 0.2 1.6
148 480 71.9 5.6 2.2 0.3 1.8
147 425 71.7 4.6 3.8 0.2 1.9
146 340 72.1 4.6 3.7 0.3 2.2
145 320 72.0 5.1 4.1 0.3 1.9
144 300 69.9 4.3 3.7 0.2 1.9
143 280 69.1 4.5 3.9 0.3 2.4
142 260 71.0 4.7 3.4 0.3 2.9
141 240 71.3 3.7 3.8 0.2 1.8
140 220 70.8 4.1 4.5 0.3 2.5
139 200 68.8 3.8 5.9 0.3 2.9
138 190 74.7 6.9 3.5 0.2 1.8
137 40 71.0 4.0 6.7 0.2 2.1
136 20 69.9 5.1 4.2 0.2 2.3
135 0 70.6 4.2 4.3 0.3 2.7
Mean — 72.2 5.0 3.4 0.3 ■2.2
Measured Section III
102 1275 76.0 5.2 2.2 0.5 2.5
101 1265 74.7 5.0 2.3 0.6 2.6
100 1255 72.2 4.9 2.4 0.6 3.7
99 760 71.1 5.8 1.9 0.2 1.6
98 691 76.0 5.2 2.2 0.2 1.7
97 20 72.9 4.7 3.0 0.4 2.6
96 0 70.4 4.7 3.1 0.3 1.8
Mean — 73.3 5.1 2.5 0.4 2.3
Random Ryan Spring Tuff Samples from Cougar Spar
and New Arrowhead Mine Areas
67-6 74.5 4.8 2.6 0.2 1.4
67-7 -  - 69.2 9.9 1.3 0.3 1.8
67-9 -  - 68.9 4.9 2.4 0.3 2.5
67-10 -  - 65.8 4.4 3.3 0.6 2.8
67-11 a - - 69.7 4.6 2.5 0.5 2.3
67-190 - - 68.4 3.3 3.2 0.3 2.1
67-204 — 66.8 4.4 3.5 0.4 2.2
Smpl. Ft. above % % % % %
No. base Si O2 |<20 CaO t t o 2 Fe2°3
68-16a —  72.5 6.0 0.4 0.2 1.6
68-18 —  69.7 3.4 0.6 0.3 2.5
68-32 —  71.5 5.6 0.5 0.2 1.5
Mean -  69.7 5.1 2.0 0.3 2.1
Mean of All Ryan Spring Tuff Samples













134 1120 90.1 7.9 1.8 Rhyolite
133 1087 90.4 6.9 2.6 Dellenite
132 970 90.7 6.3 2.9 Dellenite
131 960 91.2 5.8 2.8 Dellenite
130 937 91.9 5.2 2.7 Dellenite
129 800 90.6 4.9 4.4 Rhyodaci te
128 780 90.2 6.1 3.6 Dellenite
127 760 90.2 6.0 3.7 Dellenite
126 735 90.6 4.5 4.7 Rhyodaci te
125 665 84.1 14.4 1.3 Trachyte
124 410 90.1 6.8 3.0 Dellenite
123 380 90.5 7.0 2.3 Dellenite
122 360 91.2 6.5 2.2 Dellenite
121 340 91.1 6.6 2.2 Rhyolite
120 320 91.1 5.7 3.0 Dellenite
119 300 90.5 6.7 2.6 Dellenite
118 280 90.7 6.5 2.7 Dellenite
117 260 90.0 7.0 2.9 Dellenite
116 240 90.8 6.5 2.6 Dellenite
115 220 90.5 6.9 2.4 Dellenite
114 200 90.4 6.9 2.5 Dellenite
113 170 90.4 6.8 2.6 Dellenite
112 140 90.0 5.6 4.2 Dellenite
111 120 89.9 5.6 4.3 Dellenite
110 100 90.7 4.1 5.0 Rhyodacite
109 80 90.6 5.5 3.8 Dellenite
108 60 90.6 3.1 6.2 Rhyodaci te
107 40 90.8 4.4 4.6 Rhyodaci te
106 20 90.1 4.3 5.5 Rhyodaci te
105 0 89.4 6.2 4.3 Dellenite
Mean — 90.3 6.2 3.3 Dellenite
Measured Section II
160 1960 88.3 9.5 2.0 Dellenite
159 1920 90.3 7.1 2.5 Dellenite
158 1830 90.6 6.3 3.0 Dellenite
157 1820 90.1 6.0 3.4 Dellenite
156 1800 90.7 6.3 2.8 Dellenite








155 1785 90.6 6.2 3.0 Dellenite
154 1365 90.0 6.9 2.9 Dellenite
153 1223 90.0 6.7 3.2 Dellenite
152 1080 89.4 6.8 3.6 Dellenite
151 1060 89.6 6.0 4.3 Dellenite
150 1030 89.3 5.6 5.0 Dellenite
149 705 90.1 6.8 3.0 Dellenite
148 480 90.1 7.0 2.8 Dellenite
147 425 89.3 5.8 4.8 Dellenite
146 340 89.6 5.7 4.6 Dellenite
145 320 88.6 6.2 5.1 Dellenite
144 300 89.6 5.8 5.0 Dellenite
143 280 89.1 5.8 5.0 Dellenite
142 260 89.6 6.0 4.3 Dellenite
141 240 90.4 4.6 4.8 Rhyodacite
140 220 89.1 5.1 5.6 Rhyodacite
139 200 87.4 4.9 7.5 Dorei te
138 190 87.6 8.1 4.2 Dellenite
137 40 86.8 4.8 8.2 Doreite
136 20 88.2 6.4 5.3 Dellenite
135 0 89.1 5.3 5.4 Rhyodacite
Mean — 89.4 6.2 4.2 Dellenite
Measured Section III
102 1275 90.9 6.3 2.7 Dellenite
101 1265 91.0 6.1 2.8 Dellenite
100 1255 90.6 6.2 3.1 Dellenite
99 760 90.1 7.4 2.4 Dellenite
98 691 91.0 6.2 2.6 Dellenite
97 20 90.3 5.8 3.8 Dellenite
96 0 89.8 6.0 4.0 Dellenite
Mean - - 90.6 6.2 3.0 Dellenite
Random Ryan Spring Tuff Samples from Cougar Spar
and New Arrowhead Mine Areas
67-6 _ _ 90.8 5.9 3.1 Dellenite
67-7 — 85.9 12.3 1.6 Trachyte
67-9 - - 90.2 6.5 3.2 Dellenite
67-10 — 89.4 6.0 4.5 Dellenite
67-1 la — 90.7 6.0 3.2 Dellenite








67-190 mm mm 91.1 4.4 4.3 Rhyodacite
67-204 — 89.3 5.9 4.7 Dellenite
68-16a — 91.7 7.7 0.5 Rhyolite
68-18 - - 94.4 4.7 0.8 Rhyolite
68-32 — 92.0 7.2 0.7 Rhyolite
Mean of All Ryan Spring Tuff Samples
-  - -- 90.0 6.7 2.6 Dellenite
Table III. Microscopic Analyses Data for Samples 105-134 
from the Type Section (Measured Section I) of 
the Ryan Spring Tuff
Smpl. Ft. % % % % % % % %
No. above
base
Qtz Plag Bio Hb Op ox Pumi ce Lithics Total
xtls
134 1120 __ 8.7 1.8 _ _ 0.6 2.0 9.2 11.1
133 1087 -- 7.9 0.9 — 0.6 14.9 4.1 9.4
132 970 - - 9.0 1.4 -- 0.8 8.6 15.4 11.2
131 960 - - 11.3 0.6 0.07 0.3 11.4 5.6 12.2
130 937 - - 8.9 1.0 - - 0.6 5.1 5.6 10.5
129 800 — 6.4 0.7 - - 0.5 7.3 21.4 7.6
128 780 — 7.8 1.6 — 0.5 7.4 13.0 9.9
127 760 — 7.0 1.6 - - 0.6 3.2 16.0 9.2
126 735 -- 10.3 2.0 - - 0.6 18.0 4.4 12.9
125 665 — 0 1.0 - - 0.1 0 1.8 1.1
124 410 - - 6.6 1.4 — 0.3 0.8 3.4 8.3
123 380 - - 7.2 2.0 — 0.3 3.6 0.6 9.5
121 340 - - 10.8 1.1 - - 0.1 1.4 1.6 12.0
118 280 - - 10.8 2.4 - - 0.3 3.2 3.2 13.5
117 260 - - 13.0 1.7 — 0.6 6.0 9.6 15.3
116 240 — 7.6 2.8 - - 0.7 8.4 5.7 11.1
115 220 — 7.7 1.9 - - 0.6 10.0 2.1 10.2
114 200 0.40 8.0 1.3 — 0.8 1.4 6.0 10.5
113 170 - - 11.4 2.0 - - 1.0 3.9 5.5 14.4
111 120 0.07 11.2 1.6 - - 1.0 7.6 2.3 13.8no 100 - - 10.3 1.7 -- 0.8 6.8 4.2 12.8
109 80 — 13.1 2.3 -- 0.7 2.6 4.0 16.1
108 60 - - 11.5 1.3 — 0.5 7.8 7.3 13.3
107 40 - - 11.8 0.8 - - 0.4 6.4 15.0 13.0
106 20 - - 9.7 2.4 -- 1.4 2.8 3.1 13.5
105 0 - - 9.0 0.8 — 0.9 9.4 2.6 10.7
Mean Trace 9.1 1.5 Trace 0.6 6.15 6.6 11.2
St Dev -- — 2.6 0.5 — 0.7 0.2 5.3 2.9
Table IV. Bulk Density, Grain Density, and Percent Porosity 
for Samples 105-134 from the Type Section 













134 1120 2.148 2.410 10.84
133 1087 2.212 2.497 11.38
132 970 2.318 2.531 8.42
131 960 2.361 2.511 5.96
130 937 2.439 2.536 3.81
129 800 2.162 2.324 6.98
128 780 2.196 2.373 7.47
127 760 2.185 2.388 8.51
126 735 2.188 2.297 4.76
125 665 2.038 2.417 15.67
124 410 2.253 2.478 9.10
123 380 2.222 2.511 11.58
122 360 2.193 2.479 11.52
121 340 2.215 2.483 10.76
120 320 2.193 2.488 11.85
119 300 2.227 2.497 10.83
118 280 2.260 2.489 9.18
117 260 2.159 2.527 14.56
116 240 2.299 2.530 9.11
115 220 2.262 2.509 9.85
114 200 2.223 2.511 11.36
113 170 2.241 2.482 9.71
112 140 2.004 2.324 13.74
111 120 2.306 2.423 4.82
110 100 2.379 2.435 2.31
109 80 2.243 2.373 5.50
108 60 2.318 2.416 4.05
107 40 2.244 2.338 4.05
106 20 2.319 2.402 3.46










Plate 4. Geologic map and cross-sections
(2.5X vertical exaggeration) of the 
Ryan Spring area in Beaver County, Utah.
PLEASE RETURN PLATE TO THE POCKET. COPIES OF THIS 
PLATE ARE AVAILABLE AT A NOMINAL CHARGE IN THE 
DEPARTMENT OF GEOLOGY OFFICE.

